Background and Purpose-Epidemiological patterns of stroke may change with economic development. It is important to understand these changes for making timely strategies for stroke prevention. The aim of this study was to examine the changes in trends of stroke epidemiology during a period of fast economic development in China, based on data of the Sino-MONICA-Beijing project. Methods-Acute stroke events were registered in a large defined population aged 25 through 74 years from 1984 to 2004.
S everal epidemiological characteristics of stroke are used as a symbol of poverty, which include more hemorrhagic stroke, a higher case fatality rate, more stroke deaths in total deaths than that of ischemic heart disease (IHD) and a younger onset age. These characteristics of stroke should change in the opposite direction during a period of economic transition, which is referred to as the epidemiological transition of stroke. [1] [2] However, few published studies have demonstrated stroke transition prospectively in a population from a low economic level to a higher economic level by a long-term observational study with data of incidence rates. China has been experiencing fast economic development in the last 2 decades, which has changed people's lifestyle and health care greatly as a major driving force. It is important for China and other developing countries to recognize and understand the characteristics of epidemiological transition of stroke for making timely strategies of stroke prevention. This study aimed to examine the trends of epidemiology of stroke events in the last 2 decades in China and to describe the changes of trend of stroke quantitatively, based on the data of the Sino-MONICA (Monitoring Trends and Determinants in Cardiovascular Disease)-Beijing project from 1984 to 2004. The Sino-MONICA-Beijing project was a long-term surveillance study for incidences and mortality rates of both acute stroke events and acute IHD events in Beijing, China. This was a collaboration study of the WHO MONICA project from 1984 to 1993 and was continually conducted from 1994 to 2004 in part of the original Sino-MONICA-Beijing population with the same study protocol. [3] [4] [5] [6] [7] 
Materials and Methods

Study Population
The Sino-MONICA-Beijing population was defined by the method of nonrandom cluster sampling. The study population was scattered in 7 of 18 administrative districts (including counties) in Beijing and covered all residents with permanent census registration in a number of defined communities in each of the 7 administrative districts. The study population accounted for approximately 5% to 7% of the total population in Beijing from 1984 through 1993 and approximately 1% to 1.5% of the total population from 1994 to 2004, with a similar composition in age groups, gender, and urban and rural areas as that in the total population of Beijing. Stroke events were registered in the study population aged 25 through 74 years.
The population size by 5-year age strata for men and women was obtained from censuses. The intercensal estimation of the mid-year population was based on available data in local police substations for births, deaths, immigration and emigration in defined study areas annually or biennially. The population size in each year was used as the denominator for calculation of incidence rates.
Definition of Stroke Events
The definition of acute stroke events was based on the criteria developed by the WHO MONICA project. 3 Stroke events were defined as rapidly developing signs of focal (or global) disturbance of cerebral function lasting Ͼ24 hours (unless interrupted by surgery or death) with no apparent nonvascular causes. The definition included patients presenting with clinical signs and symptoms of subarachnoid hemorrhage, intracerebral hemorrhage, thrombosis and embolism. Hemorrhagic stroke was defined as stroke events with diagnosis of subarachnoid hemorrhage or intracerebral hemorrhage and ischemic stroke was defined as stroke events with diagnosis of thrombosis or embolism. Transient ischemic attack (TIA) and chronic cerebral vascular disease were not included. On the basis of the survival status within 28 days of onset, stroke events were subdivided into fatal and nonfatal events.
Case Ascertainment
A 3-level network was developed at the beginning of the study to form a case report system with close collaboration among coordinating centers (first level), 42 research teams in 42 collaborating hospitals (second level) and 412 resident committees or health stations (third level or grassroots level) over the whole study area. Suspected acute stroke events occurring in defined areas were registered by filling out a standardized event form. There were clear definitions and explanations for each item on the standardized form in the WHO MONICA protocol, which was translated into Chinese as a manual of operation. A combination of "hot pursuit" (screening of hospital or emergency room admission) and "cold pursuit" (identifying and extracting medical records after discharge) was used for hospitalized cases or cases dead in emergency rooms. Official routine death statistics were also available in each defined area, which was used as a channel of identification of fatal stroke cases. For a few nonhospitalized cases, all efforts were made to collect relevant medical and social information used for diagnosis. The case ascertainment and validation procedures have been described in detail previously. 4 -6 Total Cause of Death All causes of death based on the official routine death register in the defined area were obtained from a local policy substation. The cause of death was coded using the 9th version of the International Classification of Diseases (ICD) by trained research staffs. The deaths with codes of cerebral vascular death (ICD, 9th, 430.0 to 438.0) and deaths with codes of IHD (ICD 9th, 410.0 to 414.9) were validated by the WHO MONICA criteria for fatal events.
Quality Assurance of Data Collection
The approaches of quality control and standardization of event registration and validation have been reported in detail previously. 4 -7 It was also an important quality assurance for the long-term study that certain key persons in our research team continuously worked for the long-term project. The urbanization and city construction undoubtedly increased immigration and emigration in some defined study areas in the late 1990s. However, the majority of acute stroke events in these defined areas were admitted to collaborating hospitals of the Sino-MONICA project. We also maintained collaborations with the resident committees, health stations (third level or grassroots level) and reimbursement agencies to assure that some suspected stroke events admitted to nonlocal hospitals were reported.
Statistical Analysis
The incidence rates and case fatality rates of total acute stroke events (first-ever and recurrent events) and first-ever events for 2 subtypes of stroke were calculated separately for men and women. The rates of first-ever stroke events served as validity purpose. Agestandardized incidence and age-standardized case fatality rates were calculated by the direct method with 5-year age-group rates in the range of 25 to 74 years. For incidence rates, the weights of age groups were derived from the age distribution of the latest China national census in 2000. For case fatality rate, the weights of age groups were derived from the age distribution of all the stroke cases in 1984 to 2004.
Trends of stroke events were calculated from age-standardized annual rates by using the regression model log r t ϭaϩbt, where log denotes the natural logarithm and t is the year. The trend b was estimated from the ordinary regression, and PϽ0.05 was used as the level of statistical significance; 100b represents the estimated annual percentage changes in the rate. 5 The trend of case fatality rates were calculated using log-linear regression, assuming a binomial distribution within age groups. The trends of stroke were also calculated separately for the 2 study periods from 1984 to 1993 and from 1994 to 2004 with different sizes of study population. SPSS version 13.0 was used for statistics calculations.
Results
There was a total of 14 584 acute stroke events registered in the Sino-MONICA population from 1984 to 2004 (except for 2000 and 2003). Nonfatal stroke events accounted for 72.3% of total acute stroke events. Among the nonfatal stroke events, 87% were admitted to hospital after the onset and 13% were treated in nursing home or home; 82% were examined by neurologist and 18% were examined by physician. Among fatal stroke events, 61% were admitted to hospital and 39% either died in emergency room or outside of hospital; 67% of the fatal stroke events were examined by neurologists and 33% were examined by physicians. The utility rates of CT examination was 4.4% at 1984, 60.1% in Ischemic stroke increased more significantly in the first 10 years and hemorrhagic stroke decreased more significantly in the second time period of the study. No remarkable differences in the trends were found between men and women. The trends of age standardized incidence rates of first-ever ischemic stroke events and age standardized incidence rates of first-ever hemorrhagic stroke events from 1984 to 2004 are presented in Table 3 . The declining trend in the incidence of first-ever hemorrhagic stroke events and the increasing trend of incidence rates of first-ever ischemic stroke events were almost identical with the trends of incidence rates of stroke events in Table 2 .
Trend of Incidence Rates of Ischemic Stroke and Hemorrhagic Stroke
Trend of Case Fatality Rates of Stroke
Age standardized case fatality rates were decreased in hemorrhagic stroke, ischemic stroke and total stroke in both men and women (Table 4 ). There was a 1.7% decline in the case fatality rate of hemorrhagic stroke and a 0.5% decline in that of ischemic stroke annually. The declining trends of case fatality rates in both subtypes of stroke were more significant in the second decade of the study. 
Changes in Proportional Mortality Rates of Stroke and Ischemic Heart Disease
Changes in Onset Age of Stroke
The mean onset ages of total stroke was 2. 
Discussion
Stroke, as a largely preventable disease, remains the second or third leading cause of death in China, even with dramatic economic development in recent years. 8 -10 From a global vision, stroke in developing countries accounted for nearly 70% of global stroke deaths and 40% of stroke deaths in developing countries were in China. 11 It is critically important for timely policy making of stroke prevention and control in China to recognize and understand the epidemiological trends during a period of economic transition based not only on mortality data but also on the data of incidence and case fatality. Four characteristics of epidemiological transition of stroke were actually observed by the 21-year community-based surveillance study in China, which included declining incidence rates of hemorrhagic stroke, reduced case fatality rates, increased onset age, and an expanded proportion of IHD deaths and a shrunken proportion of stroke deaths in total deaths in the study population. This study also found a significant increase in the incidence rate of ischemic stroke, which actually led to a significant increase in total stroke burden in spite of remarkable decline in hemorrhagic stroke. The significant increase in incidence rates of ischemic stroke is also an important feature of epidemiological transition of stroke in China. There may be several explanations for the 2 opposite directions in trends of incidence rates of subtypes of stroke in this study. Except for the common risk factors associated with hemorrhagic stroke, such as hypertension and smoking, ischemic stroke is associated more closely with atherosclerotic risk factors, such as an increase in serum LDL cholesterol, which is mainly due to an unhealthy lifestyle. The total fat intake in the study area increased from 88. [12] [13] Mean serum cholesterol levels increased by 24% from 1984 to 1999, which explained 77% of the increase in IHD mortality in the same population. 14 The prevalence rate of diabetes increased by 97% from 1994 to 2002. 10 The prevalence rate of overweight or obesity increased by 13% in urban areas and by 85% in rural areas and in this region. 14, 15 The rapid increase in atherosclerotic risk factors in the study population is the most logical explanation for trends of ischemic stroke.
The decrease in hemorrhagic stroke should be closely related with the changes in health care and health access during economic development. The improvement in hypertension control is the most likely explanation because 50% of acute hemorrhagic strokes can be attributed to hypertension in Chinese. 16, 17 The control rate of hypertension was 3.4% in 1984 and 6.33% in 1996 and significantly increased in 1999 (17.5%) in urban areas. For rural areas, the control rate of hypertension was 1.1% in 1984 and didn't change until 1999 (6.9%). 15 The changing pattern of control rates of hypertension appeared to be related to a more significant decline of hemorrhagic stroke in the second time period of the study. The results imply that economic development probably has a much earlier impact on lifestyle and levels of risk factors but has a relatively later impact on the level of treatment and control of risk factors.
The change in diagnostic approach for subtypes of stroke is another possible contributor of the opposite trends of ischemic and hemorrhagic stroke. There was a dramatic increase in use of CT imaging technology during the first decade from 4.4% in 1984 to 84% in 1993 and kept in a higher use rate from 1994 to 2004. 18 The increasing use of CT imaging actually represented the change in health care and health access in study population. It was possible the changes in health care and health access created certain misclassification of subtype stroke. But it is unlikely to be the major explanation for the trend because the declining trend of hemorrhagic stroke and increasing trend of ischemic stroke remained to exist in both periods with lower CT utility rate from 1984 to 1993 and higher CT utility rate from 1994 to 2004. Case fatality rates from both ischemic and hemorrhagic stroke were reduced during the study period. The decrease in case fatalities of total stroke was due to the significant reduction in the proportion of hemorrhagic stroke events in total stroke event. Improvement in medical care for acute stroke events should also be the explanation for the remarkable reduction in case fatality rate of stroke.
This study showed a mean 2.7 year increase in onset age for male stroke patients and a 3.6 year increase in female stroke patients from 1984 to 2004. The increased onset age may reflect population aging. The proportion of the population aged over 65 years increased from 7% in 1984 to 15% in 2004 in the Sino-MONICA population.
One limitation of this study is that the diagnosis of subtype of stroke was based on clinical diagnostic criteria for subtypes of stroke. The diagnosis of subtype of stroke was mainly dependent on clinical symptoms, signs and examination results of lumbar puncture in the earlier stage of the study. We believe that there was some degree of misclassification for subtypes of stroke in this study. Another limitation is that more immigration and emigration of population in defined study areas as the result of city construction from 1994 to 2004 may increase the missing rate of register of stroke event.
Summary
The characteristics of epidemiological transition of stroke were found by a long-term surveillance study during a period of fast economic development in Beijing, China. The new challenges raised by the epidemiological transition of stroke are: (1) the risk factor control for stroke prevention should address not only hypertension but also multiple risk factors, such as elevated cholesterol, and diabetes and obesity, which are major risk factors for ischemic stroke and IHD; (2) secondary prevention of stroke has increasing importance because more stroke patients survived from their first ever events and they have composed of a large high risk group for recurrent stroke, and (3) there is increased demand for rehabilitation for stroke patients.
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